Fertilization is fundamental for sexual reproduction, yet its molecular mechanisms are poorly understood. Here, we identify an oocyte-expressed Ly6/uPAR protein, which we call Bouncer, as a crucial fertilization factor in zebrafish. We show that membrane-bound Bouncer mediates sperm-egg binding and is thus essential for sperm entry into the egg. Remarkably, Bouncer is not only required for sperm-egg interaction, but also sufficient to allow cross-species fertilization between zebrafish and medaka, two fish species that diverged over 150 million years ago. Our study thus identifies Bouncer as a key determinant of species-specific fertilization in fish. Bouncer's closest homolog in tetrapods, SPACA4, is restricted to the male gonad in internally fertilizing vertebrates, suggesting that our findings in fish have relevance to human biology.
Introduction and Results
Fertilization, whereby two gametes fuse to form the single-cell zygote in sexually reproducing organisms, is highly efficient yet species-restricted. This strategy ensures reproductive success and the survival of distinct species, but how nature has fulfilled these seemingly contradictory requirements is far from understood, particularly at the molecular level. The only vertebrate proteins known so far to be essential for sperm-egg binding are the spermexpressed IZUMO1 (1, 2) and the egg membrane proteins JUNO (3) and CD9 (4) (5) (6) . Binding of IZUMO1 to JUNO mediates adhesion between sperm and egg in mammals (1-3, 7), but the role of CD9 in this process is still unclear. Moreover, none of these factors seem to play a role in mediating species-specificity of fertilization (8) .
To identify candidate factors required for fertilization in vertebrates, we examined our collection of predicted protein-coding genes (9) hat are expressed in zebrafish oocytes and/or testis. A single-exon gene stood out due to its high expression in zebrafish oocytes ( Fig. 1A) and the presence of homologous sequences in other vertebrates. We named this gene bouncer (bncr) based on its loss-of-function phenotype (see below). Bouncer lacks any gene annotation in the newest zebrafish genome release (GRCz11). However, our RNA seq and in situ hybridization analyses, as well as ribosome profiling data (9) (10) (11) and CAGE-based transcription start site analysis (12) , suggested that bouncer is a maternal transcript that generates a 125 amino acid (aa) protein ( Fig. 1A; Supplementary Fig. 1A, B ). Bouncer encodes an N-terminal signal peptide and a putative C-terminal transamidase cleavage site, suggesting that the 125 aa protein is processed into an 80 aa glycosylphosphatidylinositol embryos, as opposed to the majority of eggs from wild-type or bncr +/females ( Fig. 1D-F ; Supplementary Fig. 3A) . In contrast, the reproductive competence of bncr -/males was indistinguishable from wild-type males (Fig. 1F) . Notably, female near-sterility was fully rescued by ubiquitous expression of transgenic Bouncer (tg[ubi:bouncer]) or GFP-tagged Bouncer (tg[ubi:sfGFP-bouncer] or tg[actb2:sfGFP-bouncer]) ( Fig. 1D, F; Supplementary Fig.   3A, B) , confirming that the observed defect was indeed due to the lack of Bouncer protein.
Interestingly, ubiquitous expression of a Bouncer mutant that cannot be glycosylated (tg[ubi:sfGFP-bncr N32A,N84A ]; Supplementary Fig. 3A , C) also fully rescued female near-sterility ( Fig. 1F) , demonstrating that glycosylation of Bouncer is neither required nor contributes to the essential function of Bouncer. Thus, oocyte-expressed Bouncer is necessary for efficient reproduction in zebrafish.
Zebrafish eggs are activated by the first contact with the spawning medium, independently of the presence of sperm. We considered that eggs from crosses of bncr -/females might remain undeveloped due to defective activation. However, eggs produced by bncr -/females did not show any defects in spawning medium-induced egg activation, as evident by normal chorion (the outer protective shell of fish embryos) elevation, polar body extrusion, and cytoplasmic streaming ( Supplementary Fig. 4A -C; Supplementary Movie 1). Moreover, morphological analysis of the chorion revealed that the micropyle, an opening that serves as the sole entry point for sperm into fish oocytes, is present in bncr -/eggs and of similar size as in wild-type eggs ( Supplementary Fig. 4D ). Taken together, these results suggest that Bouncer is not required for egg activation.
Because eggs from bncr -/females lack any apparent morphological defects, yet do not develop beyond the one-cell stage, we reasoned that Bouncer might be required for fertilization and/or the initiation of early embryonic cleavage cycles ( Fig. 2A ). To distinguish between these possibilities, we first asked whether sperm can enter eggs that lack Bouncer.
To this end, we performed in vitro fertilization (IVF) of wild-type (control) and Bouncer-deficient eggs with MitoTracker-labeled sperm and counted the number of eggs with a sperm-derived MitoTracker signal. We detected sperm in about 50% of control (wild-type) eggs (Fig. 2B) , consistent with the obtained IVF rates of 50-60% for wild-type eggs. In contrast, we never detected the MitoTracker label in Bouncer-deficient eggs ( Fig. 2B ), suggesting that Bouncer might play a role in sperm entry during fertilization. If Bouncer's sole function is to allow sperm to enter the egg, then delivery of sperm into Bouncer-deficient eggs by intra-cytoplasmic sperm injection (ICSI) should restore embryonic development beyond the one-cell stage.
Indeed, intra-cytoplasmic injection of wild-type sperm into wild-type or Bouncer-deficient eggs resulted in similar rates of embryos undergoing early embryonic cleavages (Fig. 2C) . Thus, delivery of sperm into the egg can bypass the requirement for Bouncer. These results reveal that Bouncer's key function is in fertilization, and that it enables sperm entry into the egg.
To gain insight into the function of Bouncer during fertilization, we first assessed Bouncer's localization in oocytes using the fully functional, transgenic GFP-tagged Bouncer (Fig. 1D ).
Confocal imaging revealed that Bouncer localizes to the egg membrane and to vesicles within the egg (Fig. 3A) , consistent with its predicted GPI-anchorage. Compared to the even distribution of a membrane-tethered control fluorescent protein (lyn-Tomato), membranelocalized Bouncer was enriched at the micropyle (Fig. 3A, B ). Further, ubiquitous expression of a secreted version of Bouncer lacking the C-terminal membrane anchor (tg[ubi:sfGFPbncr noTM ]) did not rescue the near-sterility of bncr -/females ( Supplementary Fig. 3A, B ), suggesting that membrane-localization of Bouncer is required for function.
Successful fertilization is a multistep process. A role for Bouncer at the egg membrane implies that it could promote the approach of sperm to the egg, or sperm-egg binding/fusion. To assess whether Bouncer influences sperm recruitment, we used live imaging to determine if MitoTracker-labeled wild-type sperm can approach the micropyle of Bouncer-deficient eggs.
We found that multiple sperm were recruited to the micropyle area of Bouncer-deficient eggs within seconds after sperm addition, similar to wild-type eggs ( Fig. 3C ; Supplementary Movie 2). Thus, Bouncer is not providing an essential attractive cue that guides sperm towards the egg/micropyle. During live imaging, multiple sperm were recruited into the narrow opening of the micropyle simultaneously, rendering a more detailed analysis of the sperm-egg binding capability unfeasible. To evaluate a potential role for Bouncer in sperm-egg binding, we therefore chose a different experimental setup. Wild-type and Bouncer-deficient eggs were activated by adding spawning medium in the absence of sperm. After chorion elevation, the eggs were manually dechorionated to expose the entire egg surface, incubated with MitoTracker-labeled sperm, gently washed and examined by confocal microscopy. In the case of wild-type eggs, we found that large clusters of sperm (>10 sperm) remained bound to the egg membrane ( Fig. 3D, E) .
In contrast, only a few individual sperm (<10) remained attached to most Bouncer-deficient eggs (p < 0.002, Mann-Whitney test) ( Fig. 3D, E) . These results suggest that Bouncer promotes stable sperm-egg binding.
The presence of Bouncer homologs among vertebrates, yet high degree of amino acid sequence divergence particularly among fish homologs ( Fig. 1C ; Supplementary Fig. 2A, B ), raised the interesting possibility that Bouncer might contribute to the species-specificity of 6 fertilization. To test this hypothesis, we first evaluated whether Bouncer from medaka (Oryzias latipes) could rescue the fertility defect of zebrafish bncr -/females. Medaka was chosen because of its large evolutionary distance from zebrafish (>150 million years), its inability to cross-hybridize with zebrafish, and the low (40%) level of amino acid identity between mature zebrafish and medaka Bouncer proteins ( Fig. 4A ). We generated bncr -/zebrafish that ubiquitously express medaka Bouncer (bncr -/-; tg[ubi:medaka-bncr], called in brief "transgenic medaka Bouncer" fish). We crossed wild-type male zebrafish with bncr -/females, transgenic medaka Bouncer females, and zebrafish Bouncer females. Transgenic medaka Bouncer females displayed a substantially decreased fertilization rate (average rate of 0.62%) compared to zebrafish Bouncer females (average rate of 78.6%), similar to the fertilization rate of bncr -/females (average rate of 0.11%) ( Fig. 4B ). Thus, medaka Bouncer does not efficiently rescue the fertilization defect of bncr -/zebrafish.
Our finding that transgenic medaka Bouncer eggs were not efficiently fertilized by zebrafish sperm supported our hypothesis that Bouncer might influence species-specific gamete interactions. To directly test this possibility, we performed a series of IVF experiments. As expected, wild-type zebrafish eggs exhibited high fertilization rates with zebrafish sperm (average rate of 49.0%), but were not fertilized by medaka sperm ( Fig 4C) . Moreover, zebrafish bncr -/eggs were fertilized by neither sperm ( Fig 4C) . Remarkably, eggs from transgenic medaka Bouncer females were fertilized by medaka but not zebrafish sperm. The average fertilization rate of all transgenic medaka Bouncer females (17) tested was 2.4% ( Supplementary Fig. 5A ). While 13 out of 17 females were completely infertile, eggs from the remaining four females were fertilized by medaka sperm at an average rate of 5.5% (Fig. 4C ).
The observed difference in fertility rates is likely due to independent insertions of the medaka Bouncer transgene. The resulting embryos were medaka-zebrafish hybrids and not haploid zebrafish embryos ( Supplementary Fig. 5B ). Hybrid embryos underwent cleavage cycles and gastrulation movements ( Supplementary Fig. 5C ), and displayed anterior-posterior axis formation after 24 hours ( Fig 4D) , but did not survive past 48 hours. These results demonstrate that Bouncer is necessary and sufficient for mediating species-specific fertilization in fish.
Discussion
In this study, we discovered that the Ly6/uPAR protein Bouncer is a key factor in vertebrate fertilization. Zebrafish Bouncer localizes to the oocyte membrane and is required for female fertility by enabling sperm entry. Intriguingly, we find that Bouncer is not only required for efficient sperm-egg binding, but also sufficient to enable cross-species fertilization. Thus, this is the first report of a protein in any organism allowing entry of another species' sperm. In light of this crucial function, we chose the name "Bouncer" in reference to the colloquial name for a doorman at a bar. Like a security guard, Bouncer is decisive for allowing conspecific sperm to enter, while keeping heterospecific sperm out.
Thus far, the only known interacting membrane-bound proteins on vertebrate sperm and egg are IZUMO1 and JUNO in mammals (1-3, 7), yet these two proteins do not confer speciesspecificity to fertilization (Bianchi and Wright 2015) . Bouncer is the first protein known to function in sperm-egg binding in a non-mammalian vertebrate, and it is the first membraneanchored protein known to mediate species-specificity of fertilization in any vertebrate. Our finding that ectopic expression of another species' Bouncer is sufficient to allow cross-species fertilization strongly suggests that Bouncer has a direct, species-specific interaction partner on sperm. The future identification of this interaction partner will be a crucial next step to unravel the mechanism behind Bouncer's function.
In many organisms, species-specificity of fertilization is mediated between sperm-membrane bound proteins and proteins localized to the egg coat (15, 16) . For example, in sea urchin, the vitelline envelope protein EBR1 (egg bindin receptor protein-1) binds specifically to the sperm membrane protein Bindin (17) (18) (19) . Similarly, the egg coat protein Verl of abalone is speciesspecifically bound by Lysin, a small protein that is secreted by sperm (20) (21) (22) (23) . While Lysin has no known homolog in vertebrates, Verl shows structural homology to the mammalian zona pellucida protein ZP2 (22) , which was shown to be involved in species-specific binding of the sperm to the zona pellucida in mouse and humans (24) . Thus, Bouncer is the first known protein to mediate species-specific binding of sperm not to an egg coat, but directly to the egg membrane.
Bouncer and SPACA4, both members of the large Ly6/uPAR superfamily, have opposing germline-specific expression patterns in externally versus internally fertilizing organisms.
Although it is not clear why different vertebrates show opposing expression patterns, one can speculate that in externally fertilizing species, the oocyte-specific expression of Bouncer could contribute to post-copulation female mate choice (also called cryptic female mate choice) (25) .
Vertebrates performing external fertilization cannot guarantee that only conspecific sperm reaches the egg by pre-mating choice (26, 27) . Oocyte-expressed proteins like Bouncer could therefore support the selection of conspecific sperm. Our work on Bouncer also raises the intriguing possibility that SPACA4 might play a similarly fundamental role in mammalian fertilization, albeit from the side of the male. While a knock-out study for Spaca4 in mice has not yet been reported, this idea is consistent with the localization of SPACA4 to the inner acrosomal membrane of sperm and the observed antibody-blocking effect in vitro (14) . Future 8 experiments that address the in vivo function of mammalian SPACA4 during fertilization will be of interest. Given that both genes are restricted to the germline, our findings in fish might have direct relevance for fertilization in mammals.
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C Fig. 5B ) with anterior-posterior axis formation after 24 hours.
All images were taken at 24 hours post-fertilization (hpf).
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Supplementary Materials
Materials and methods
Fish lines and husbandry
Zebrafish (Danio rerio) were raised according to standard protocols (28°C water temperature; 14/10 hour light/dark cycle). TLAB fish, generated by crossing zebrafish AB and the natural variant TL (Tübingen/Tüpfel Longfin) stocks, served as wild-type zebrafish for all experiments.
Bouncer mutant zebrafish and transgenic lines were generated as part of this study and are identified two possible N-glycosylation sites in zebrafish Bouncer: amino acids N32 and N84.
Homolog identification and phylogenetic analysis
An NCBI-BLASTP search (version 2.6.0+) (38) 
Phylogenetic tree
Starting with Danio rerio Bouncer, we collected all significant (E-value 0.001) hits in an NCBI-BLASTP search within the non-redundant protein database. To extend the Ly6/uPAR family, these hits were used as a query in an additional search step applying significant criteria (Evalue 0.001) for hit collection. Forty-two species were selected to represent a wide taxonomic range. Within each species, the sequences were reduced to 80% identity with cd-hit (39) .
Proteins were aligned with mafft (-linsi v7.313) (40) , and sequences with long gaps were removed. The medaka (Oryzias latipes) Bouncer sequences, and one Ly6/uPAR protein of the shark Squalus acanthias were added (see Supplemental Table 1) , realigned, resulting in a final set of 192 full-length sequences. The respective coding sequences were extracted from the NCBI website (where available, see Supplementary Table) , and aligned with RevTrans using the protein sequence alignment (v. 1.4) (41). Aligned columns with less than 50% sequence information were removed. The alignment was furthermore restricted to the region corresponding to the putative mature peptide of Danio rerio Bouncer using Jalview (42) . A maximum likelihood phylogenetic tree was calculated with IQ-TREE (v. 1.5.5) (43) with codon model selection using ModelFinder (44) and 1000 ultrafast bootstrap replicates (45) . The tree was visualized in iTOL (46) .
Generation of bouncer knockout fish
Bouncer mutant fish were generated by Cas9-mediated mutagenesis, targeting the predicted Functionality of the expression constructs was determined by assessing the ability to rescue the near-sterility of bncr -/females.
The following transgenic zebrafish lines were generated (in wild-type (TLAB), bncr +/or bncr -/backgrounds):
• The following expression constructs were determined to be fully functional (rescuing the nearsterility of bncr -/females: ubi:bncr, ubi:sfGFP-bncr, actb2:sfGFP-bncr, and ubi:sfGFPbncr N32A, N84A .
Imaging of live embryos
Live embryos and larvae were imaged in their chorions in E3 medium (5 mM NaCl, 0.17 mM KCl, 0.33 mM CaCl2, 0.33 mM MgSO4, 10 -5 % Methylene Blue) using a Stereo Lumar.V12 fluorescence microscope (Zeiss).
Antibodies
To generate an antibody specific for zebrafish Bouncer, two in vitro-synthesized peptides (CYADGRFGRSSVLFRKG and CSRSRHQMIRGNNIS) were used for immunization of rabbits Gels. Blotting was performed using a wet-blot system (BioRad). The following antibodies were used in western blotting: anti-Bouncer, rabbit, 1:500 (generated as described above), antitubulin (mouse, Sigma-Aldrich T6074, 1:20000).
Analysis of zebrafish egg and embryo lysates by western blotting
Analysis of glycosylation of Bouncer
Manually deyolked egg and embryo samples were deglycosylated overnight under nondenaturing conditions using Protein Deglycosylation Mix (New England Biolabs) according to the manufacturer's protocol. The glycosylation state of endogenous Bouncer was assessed by western blotting using Bouncer-specific antibodies.
In situ hybridization
Bouncer DIG-labeled RNAs (sense and antisense) were generated by digesting pSC-bncr with EcoRV (antisense) or BamHI (sense), followed by in vitro-transcribing the linearized plasmids using T7 (antisense) or T3 (sense) polymerases (Roche) and DIG RNA labeling mix (Roche). In situ hybridization in zebrafish embryos was performed according to standard protocols, using anti-bouncer or sense-bouncer (negative control for nonspecific staining)
DIG-labeled RNA probe. BCIP/NBT/alkaline-phosphatase-stained embryos were dehydrated in methanol and imaged in BB/BA using a Stereo Lumar.V12 fluorescence microscope (Zeiss) and an Axioplan 2 microscope (Zeiss) equipped with a DFC320 camera (Leica).
In vivo fertilization in fish
The evening prior to mating, male and female fish were separated in breeding cages (one male and one female per cage). In the morning of the next day, male and female fish were allowed to mate by removing separators. Eggs were collected from the bottom of the breeding cages and kept at 28C in E3 medium. The rate of fertilization was assessed about 3 hours post laying. By this time, fertilized embryos have developed to ~1000 cell stage embryos, while unfertilized embryos resemble 1-cell stage embryos.
In vitro fertilization in fish
In vitro fertilization experiments were performed following standard procedures (49, 50) . The evening prior to the zebrafish egg and sperm collections, male and female zebrafish were separated in breeding cages (one male and one female per cage).
To collect mature, un-activated eggs, female zebrafish were anesthetized using 0.1% Tricaine (25x stock solution in dH2O, buffered to pH 7-7.5 with 1 M Tris pH 9.0). After being gently dried on a paper towel, the female was transferred to a dry petri dish, and eggs were carefully expelled from the female by applying mild pressure on the fish belly with a finger and stroking from anterior to posterior. The eggs were separated from the female using flat forceps or a small paintbrush, and the female was transferred back to the breeding cage filled with fish water for recovery.
To collect un-activated zebrafish sperm, male zebrafish were anesthetized using 0.1%
Tricaine. After being gently dried on a paper towel, the male fish was placed belly-up in a slit in a damp sponge under a stereomicroscope with a light source from above. Sperm was collected into a glass capillary by mild suction while gentle pressure was applied to the fish belly using flat forceps. The sperm of several males (2-5) was stored in ice-cold Hank's saline To fertilize eggs in vitro, an aliquot of 25-50 µl unlabeled or MitoTracker-labeled sperm solution was added to eggs of potentially different genotypes (e.g. collected from wild-type, bncr -/or transgenic females) in individual petri dishes. Sperm addition was immediately followed by adding 500 µl-1 ml of E3 medium to simultaneously activate sperm and eggs. After 2 minutes, petri dishes were filled with E3 medium and kept at 28C. The rate of fertilization was assessed about 3 hours post sperm addition. By this time, fertilized embryos have developed to ~1000cell stage embryos, while unfertilized embryos resemble 1-cell stage embryos.
Analysis of oocyte activation and polar body extrusion
Oocyte activation was assessed by monitoring chorion elevation after addition of E3 medium to un-activated eggs that had been obtained by squeezing.
To assess polar body extrusion, eggs were in vitro fertilized and fixed after 3, 10 and 20 minutes in 3.7% formaldehyde in PBS at 4C overnight. Embryos were washed in PBST, permeabilized in Methanol and kept at -20C. For immunostaining, embryos were transferred back to PBST, dechorionated manually using forceps, and stained with a rabbit anti--tubulin antibody (T3559 Sigma, used at 1:1000; secondary antibody: goat anti-rabbit Alexa488 (A-11034 Thermo Scientific, used at 1:250)) and 1x DAPI in PBS. Embryos were mounted in 1% low-melt agarose on glass-bottom dishes (Ibidis) and imaged at an inverted LSM880 confocal microscope (Zeiss) with a 20x objective lens at 2x magnification.
Analysis of cytoplasmic streaming
Embryos derived from in vivo mating crosses between wild type males and wild-type or bncr - (51), which recorded the velocity for each time point. The mean velocity that each bead traveled in each embryo was calculated; these values were then averaged to produce the total mean velocity of all beads in a single embryo. An unpaired t-test was used to compare the total mean velocities between wild type and bouncer knockout embryos.
Scanning Electron microscopy
Eggs from wild-type and bncr -/females were squeezed into dry petri dishes. E3 medium was added for activation, and after 10 seconds to 1 minute, glutaraldehyde (2.5%) was added for initial fixation. The samples were then stored at 4°C overnight. The eggs were transferred to 2.5% glutaraldehyde in 0.1 mol/l sodium phosphate buffer, pH 7.4 and incubated for 2 hours.
Eggs were rinsed with the same buffer and post-fixed in 1% osmium tetroxide in ddH2O. After rinsing with ddH2O samples were dehydrated by a 10-minute treatment in dimethoxipropane followed by 3 incubation steps in anhydrous acetone for 30 minutes each.
The eggs were then treated with a 1:1 mixture of anhydrous acetone and hexamethyldisilazane (HMDS) followed by 3 HMDS treatments for one hour each. After airdrying for several hours in a fume hood, eggs were gold-sputter coated and examined in a Hitachi TM-1000 tabletop scanning electron microscope operated at 15 kV and equipped with a highly sensitive semiconductor backscattered electron detector.
Coomassie staining of the micropyle
To stain the micropylar region of the chorion, eggs from normal in vivo crosses were collected ~10 minutes after egg laying and fixed in 3.7% formaldehyde in PBS at 4C overnight.
Embryos were washed in PBST and stained with Coomassie Brilliant Blue G (final concentration: 0.2% in 10% DMSO in PBS) for 10 minutes at room temperature. Embryos were rinsed in PBS. The chorion was manually separated from the embryo using forceps, and flat-mounted on a glass slide. Images of the micropylar region were taken with bright field optics using an Axio Imager.Z1 microscope (Zeiss) with 20x or 40x objectives. Quantification of the diameter of the micropylar region was performed in FIJI, using the measurement tool.
The average diameter of each micropyle was calculated from two perpendicular measurements of each micropylar opening. Statistical analyses were performed using Prism software (Graphpad). Unpaired t-tests were used to compare the average diameters of the micropyles between wild-type and bouncer knockout embryos. The sperm number was checked by injecting 0.5 nl of the sperm mix into seven 2 µl droplets of a 1x DAPI solution containing 10 mg/ml digitonin in 5% PVP, using a standard microinjection apparatus (PV820 Pneumatic PicoPump, World Precision Instruments). The sperm in the droplets was imaged using a cell culture microscope (Axio, Vert.A1, Zeiss). If the sperm number was correct (1-2 sperm/0.5 nl), un-activated, mature eggs were collected from a female and kept in Hank's saline (+ 0.5% BSA) during injection to slow down egg activation.
Intra-cytoplasmic sperm injection (ICSI) in zebrafish
During injection, eggs were held in place in wedge-shaped wells of a 1.5% agarose petri dish with the help of flat forceps. Sperm was injected into the cell as close as possible to the micropyle. After injection, the eggs were immediately transferred to E3 medium and kept at 28°C. After 3-5 hours, the injected eggs were analyzed for cell cleavage.
Analysis of Bouncer localization during egg activation
To 
Imaging of sperm approach
Sperm was squeezed from 2-4 wild-type male fish and kept in 150 µl Hank's saline containing 0.5 µM MitoTracker TM Deep Red FM (Molecular Probes) for >10 minutes on ice. Un-activated, mature eggs were obtained by squeezing a female wild-type or bncr -/fish. To prevent activation, eggs were kept in sorting medium (Leibovitz's medium, 0.5 % BSA, pH 9) (52) at room temperature. The eggs were kept in place using a petri dish with cone-shaped agarose molds (1.5% agarose in sorting medium) filled with sorting medium. Imaging was performed at a LSM700 Axio Imager upright system (Zeiss) with a 10x/0.3 Archoplan dipping lens (781.96 msec interval, for 1-5 minutes). To start fertilization, the sorting medium was removed without letting the dipping lens go dry and at least 1 ml of E3 medium was carefully added close to the egg in order to induce activation. Immediately afterwards, 10 µl of the stained sperm was added as close to the egg as possible. The resulting timelapse movies were analyzed using FIJI.
Analysis of sperm-egg binding
Sperm was squeezed from 2-4 male fish and kept in 100 µl Hank's saline + 0.5 µM MitoTracker TM Deep Red FM on ice. Un-activated, mature eggs were squeezed from a wildtype or bncr -/female fish and activated by addition of E3 medium. After 10 minutes, 30 wildtype or Bouncer-deficient eggs were manually dechorionated using forceps. The dechorionated eggs were transferred to a glass dish and incubated at room temperature for > 1 hour. To enable sperm binding, the glass dish was tilted and as much E3 medium as possible was removed without letting the eggs become dry, 45 µl of the sperm solution was distributed onto each egg batch and the sperm-egg mixture was incubated for another 2 minutes. The glass dish was then carefully filled with E3 medium and the eggs were transferred to a zebrafish transplantation mold (Adaptive Science Tools) (1.5% agarose in blue water) to hold them in place during imaging. Imaging was performed at a LSM700 Axio Imager upright system (Zeiss) with a 10x/0.3 Archoplan dipping lens. Sperm attached to the cell of the egg were counted during live imaging. If possible, single sperm were counted (1-10 sperm); if more than 10 sperm were attached to the egg, the egg was classified as >10 sperm bound.
Analysis of gDNA content in zebrafish, medaka and hybrids
Zebrafish, medaka, and hybrid gDNA was isolated according to standard protocols (53 between two data sets were considered significant at p < 0.05 (*) (p < 0.01 (**); p < 0.001 (***); n.s., not significant).
Data availability
RNA-Seq data first reported here were deposited at the Gene Expression Omnibus (GEO) and is available under GEO acquisition number GSE111882. follow the human, mouse or zebrafish protein nomenclature.
